ABSTRACT We evaluated food habits of 4 species of spring-migrant calidrid sandpipers in the Prairie Pothole Region (PPR) of North Dakota. Sandpipers foraged in several wetland classes and fed primarily on aquatic dipterans, mostly larvae, and the midge family Chironomidae was the primary food eaten. Larger sandpiper species foraged in deeper water and took larger larvae than did smaller sandpipers. The diverse wetland habitats that migrant shorebirds use in the PPR suggest a landscape-level approach be applied to wetland conservation efforts. We recommend that managers use livestock grazing and other tools, where applicable, to keep shallow, freshwater wetlands from becoming choked with emergent vegetation limiting chironomid production and preventing shorebird use. (JOURNAL OF WILDLIFE MANAGEMENT 73(2): 248-252; 2009) 
In the Western Hemisphere, during spring, several species of sandpipers migrate from South America to Arctic regions in Canada and Alaska (Morrison 1984 , Morrison and Myers 1989 , Harrington 1999 . The birds rely on a chain of stopovers that provide critical foraging habitats to fuel their long flights (Myers 1983 , Myers et al. 1987 . Stopovers include wetlands in the Prairie Pothole Region (PPR) of midcontinental North America, where many birds stop before continuing to their breeding grounds in northern Canada and Alaska (Skagen et al. 1999) . During their spring stopovers in the PPR, some species of calidrid sandpipers develop large fat reserves, which contribute to energy needs for migration and nutrient requirements for reproduction (Krapu et al. 2006) . Given the importance of the PPR for nutrient storage, detailed knowledge is needed of foods supplying nutrient requirements of sandpipers, characteristics of wetland habitats where the birds forage, and factors influencing food availability, so wildlife managers can implement effective strategies for meeting shorebird needs. Our objectives were to 1) identify foods consumed by pectoral sandpiper (Calidris melanotos), white-rumped sandpiper (Calidris fuscicollis), Baird's sandpiper (Calidris bairdii), and semipalmated sandpiper (Calidris pusilla) during spring stopovers in the PPR of eastern North Dakota during 1980 and 1981; and 2) compare wetland types among sites where the 4 species forage.
STUDY AREA
We conducted our study within a 5,000-km 2 area in Stutsman and Kidder counties of south-central North Dakota. The study area included parts of the Glaciated Plains and Missouri Coteau (described by Kantrud et al. 1989 ) and contained thousands of wetlands representing all 7 wetland classes identified by Stewart and Kantrud (1971) as occurring in the glaciated prairie region. Grazed uplands were more common in the western portion of the study area where soils and wetlands were more alkaline. In the eastern part, cropland dominated the watersheds of wetlands, and wetlands tended to be fresher and subject to higher levels of annual tillage (Kantrud et al. 1989) .
The number of ponds on the study area fluctuated widely in response to differences in amounts of annual precipitation. The United States Fish and Wildlife Service estimated numbers of ponds (based on the annual May survey of breeding waterfowl and ponds in North America) in stratum 46 (which included our study area) as 89,437 in 1980 89,437 in and 55,160 in 1981 89,437 in (Smith 1995 .
METHODS
We searched for sandpipers by driving 200-250 km each day from early April to June in 1980 and 1981 along arbitrarily selected routes throughout the study area. Searches encompassed the entire spring migration interval of the 4 species. Baird's sandpipers were the first of the 4 species to arrive, starting approximately 10 April, and white-rumped sandpipers were the last to depart, with most individuals leaving by approximately 15 June (Krapu et al. 2006 ). When we observed a flock containing !1 of the 4 focal species foraging on a wetland, we attempted to shoot one foraging bird from each flock to determine foods taken. Following collection, we marked the site, tagged each specimen with a unique identification number, and immediately removed food items and placed them in labeled vials filled with alcohol to prevent digestion. At each site where we collected a sandpiper, we recorded wetland class following the classification system of Stewart and Kantrud (1971) to allow a comparison of wetland habitat use among the 4 species. To avoid pseudoreplication, we made comparisons of sandpiper use between wetland collection sites rather than among individuals because we collected .1 individual of a species at some sites. We also measured water depth and took a core sample from the substrate (Swanson 1978) at each site where we collected a sandpiper to compare macroinvertebrates consumed to those available. Upon our return to the laboratory, we measured tarsus and culmen length of each specimen to the nearest millimeter using a vernier caliper, and we weighed each bird to the nearest 0.1 g on a triple-beam balance. We took body measurements to compare species morphology with foraging depths and lengths of Diptera larvae consumed. Dietary analyses of esophageal contents followed Rundle (1982) . We identified macroinvertebrates present in esophagi to family and measured length of each to the nearest 0.5 mm. We calculated diet percentages using the aggregate percentage method (Swanson et al. 1974) , averaging relative frequency of each food type in the esophagus across all individuals in the sample. As with esophageal samples, we identified to family each macroinvertebrate present in core samples, measured the length (mm) of each, and stored them in alcohol. We compared macroinvertebrates in esophageal contents to macroinvertebrates available in core samples using the statistical ranking comparison of Johnson (1980) with PREFER, Resource Selection Software version 5.1 (Johnson 1980). We compared chironomid larval lengths from esophagus samples to chironomid larval lengths in the core samples taken at sites where we collected feeding individuals. If no selection for larval length was occurring, modal larval length would be most common in the substrate samples, with equal frequencies of those smaller or larger than modal length. We calculated the Pearson correlation coefficients between water depth and larvae size to determine whether those variables were related.
RESULTS
All 4 species of sandpipers foraged in several wetland classes during spring stopovers in North Dakota (Table 1) . Pectoral sandpipers occurred primarily in seasonal wetlands, whereas the other 3 species occurred most often in alkali wetlands, followed by semipermanent and seasonal wetlands.
Diets of the 4 species of sandpipers overlapped broadly.
Arthropods accounted for !95% of foods taken by the 4 species ( Table 2 ). The order Diptera formed 71-95% of the diets of the 4 species, with family Chironomidae accounting for 54-84% of foods consumed. Dipteran families Heleidae and Ephydridae accounted for !15% of the diets of !1 species (Table 2) . Crustacea formed 19%, 17%, and 22% of diets of white-rumped, Baird's, and semipalmated sandpipers, respectively, but ,1% of the diet of pectoral sandpipers (Table 2) . Stewart and Kantrud (1973) for wetlands in the glaciated prairie region. When we paired esophagus and substrate samples for individual birds, we found Diptera were most common in both sample types. Percentages of paired samples in which both substrate and esophagus samples contained Chironomidae were 92% for pectoral sandpipers (n ¼ 28), 72.2% for semipalmated sandpipers (n ¼ 47), 69.8% for Baird's sandpipers (n ¼ 43), and 68.9% for white-rumped sandpipers (n ¼ 45).
Approximately 80% of Diptera consumed by the 4 species were in the larval stage, which was proportional to their availability in core samples (Table 3) . Pupae accounted for all remaining Diptera consumed by pectoral, white-rumped, and semipalmated sandpipers. Pupae were present in greater frequency (1.33-1.56 times greater) in esophageal contents of all 4 species than in core samples (Table 3) , but preference for pupae was significant (P , 0.05) only in Baird's sandpiper. Given a choice, sandpipers tended to select the larger chironomid larvae available to them in the substrate; all 4 species, especially white-rumped and semipalmated sandpipers, consumed larvae that were longer than the modal length: 41-69% were larger than modal size versus 21-35% that were smaller than modal length (Table 4) .
Larger-bodied sandpiper species consumed larger chironomid larvae (body mass and larvae length: r ¼ 0.92, P ¼ 0.076, n ¼ 4 species) and had greater variation in water levels where the individuals foraged (body mass and SD of water depth: r ¼ 0.976, P ¼ 0.024, n ¼ 4 species; Table 5 ), reflecting their greater reach. Among Baird's, whiterumped, and semipalmated sandpipers that foraged in mixed-species flocks, there was a trend toward larger species foraging in deeper waters where chironomid larvae were larger (r ¼ 0.34, P ¼ 0.003, n ¼ 74 wetlands; Fig. 1 ).
DISCUSSION
Chironomid larvae dominated the diets of the 4 species of sandpipers in the diverse wetland habitats used during their spring stopovers in North Dakota, which is consistent with Chironomidae being among the most abundant and widely distributed invertebrate group in prairie wetlands (Wrubleski 1987) . Wide distribution of chironomids indicates that they are among the few invertebrate species capable of surviving a wide range of temperatures, drying, high salinity, and low oxygen (Oliver 1971 , Driver 1977 , Wiggins et al. 1980 . Midges most commonly taken by sandpipers were of the subfamily Chironominae and usually of the genus Chironomus. Larvae in Chironominae contain hemoglobin, which allows them to survive under low oxygen levels that are common in shallow prairie ponds with receding water levels, a key shorebird foraging habitat. The exceptional importance of chironomids to meeting sandpiper nutrient requirements results, in part, because numbers of larvae can quickly build in response to the nutrient flush from decomposing vegetation caused by annual water cycles (Driver 1977 , Murkin and Batt 1987 , Nelson 1989 . Chironomid larvae are most abundant in areas of shallow, open water, where shading is minimal (Wiggins et al. 1980 , Nelson 1989 .
During spring migration, Arctic-nesting sandpipers meet their dietary needs by foraging on thousands of widely distributed wetlands in the PPR. We rarely saw large concentrations of migrant sandpipers on any single wetland. The lack of large concentrations of birds presumably resulted, in part, because few wetlands had large expanses of water at depths suitable for foraging, and chironomid larvae usually were distributed in patches of limited area. Alkali ponds and lakes, a major foraging habitat of 3 of the 4 species we studied, contain high salt concentrations in most years, limiting plant growth and providing wide areas potentially suitable for foraging. Alkali ponds and lakes normally have freshwater springs (Stewart and Kantrud 1971) , which allow many of these basins to hold some water during all but the most severe droughts. As a result, alkali wetlands are likely to be most important in meeting nutrient needs of migrant shorebirds during periods when freshwater ponds are mostly dry or altered in ways that discourage shorebird use.
Peak spring migration for most Arctic-nesting sandpipers in the PPR occurs during May (Skagen et al. 1999 , Krapu et al. 2006 , which corresponds with peak abundance of chironomid larvae in prairie potholes in North Dakota (Nelson 1989 ). Our observations fit the stepping-stone model of Harrington (1999) and Bottom et al. (1994) , who described a global cycle of sandpiper movement timed to coincide with superabundant flushes of food. In this respect, the function of the PPR to sandpipers is analogous to a large, coastal estuary, such as Delaware Bay, where migrating sandpipers move within a larger estuary to find specific, locally abundant food patches (Bottom et al. 1994 ).
In the northern plains, considering the diverse wetland types that migrant sandpipers rely upon to meet their dietary requirements and the marked annual variation in distribution of wet ponds suitable for shorebird use, it is critical that a diverse range of wetland types remain widely distributed across the region.
Management Implications
Because chironomid larvae are the principal food of migrant sandpipers in the PPR, as well as a major food of female prairie-nesting ducks during reproduction (Krapu and Reinecke 1992), we suggest that wetland managers in the PPR consider ways of increasing chironomid production in prairie wetlands, by creating openings in shallow wetlands having closed canopies of cattail (Typha spp.) and other emergent aquatic vegetation that limit chironomid production and discourage use by shorebirds and waterfowl. With a major part of the privately owned shallow wetland habitat in the PPR being tilled and cropped when dry, reducing its value to water birds when wet, research is needed to develop economically viable farming practices that will increase the capacity of cropped basins to produce chironomids and other macroinvertebrate foods. For alkali ponds and lakes, the primary management need is to maintain historic levels of groundwater discharge from seeps and freshwater springs, particularly during drought, when most other basins are dry. 
